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[57] . ABSTRACT 

Apparatus is disclosed for maintaining the intesnity of 
a laser beam substantially constant in a thermomag- 
netic recording and magneto-optic playback system 
wherein an isotropic Film is heated along a continuous 
path by the laser beam for recording. As each succes- 
sive area of the path is heated locally to the vicinity of 
its Curie point in the presence of a controlled mag- 
netic field, a magneto-optic density is produced pro- 
portional to the amplitude of the controlled magnetic 
field. To play back the recorded signal, the intensity of 
the laser beam is reduced and a Faraday or Kerr effect 
analyzer is employed, with a photodetector, as a trans- 
ducer for producing an output signal. The light inten- 
sity of the laser beam is continuously detected close to 
the analyzer, particularly during playback operation, 
and compared with a reference to maintain intensity 
substantially constant. 

9 Claims, 3 Drawing Figures 
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THERMOMAGNETIC RECORDING AND 
MAGNETO-OPTIC PLAYBACK SYSTEM HAVING 
CONSTANT INTENSITY LASER BEAM CONTROL 

This is a division of application Ser. No. 34,989, filed 
May 6, 1970, now abandoned. 5 

ORIGIN OF THE INVENTION 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 10 
Aeronautics and Space Act of 1958, Public . Law 
85-568 (72 Stat. 435; 42 USC 2457). 

BACKGROUND OF THE INVENTION 

This invention relates to apparatus for maintaining 15 
the intensity of a laser beam substantially constant. 

It has recently been discovered that analog recording 
to an isotropic film is possible using Curie point record- 
ing and playback techniques, as described in a copend- 
ing application Ser. No. 805,549, now U.S. Pat. No. 20 
3,626,1 14, filed Mar. 10, 1969 for a Thermomagnetic 
Recording and Magneto-Optic Playback System and 
assigned to the assignee of the present invention. 

As described in the aforesaid application, a laser 
beam is employed to heat successive areas of an isotro- 25 
pic film in the presence of a magnetic field controlled 
by an analog signal. As the successively heated areas 
are cooled while still in the presence of the controlled 
magnetic field, a magneto-optic density proportional to 
the amplitude of the analog signal is established. The 30 
use of a laser beam makes it possible to create discrete 
magnetic domains in the isotropic film on the order of 
I micron in' diameter. 

Since the magneto-optic density of a given area of the 
film is proportional to the direction and magnitude of 35 
the magnetic field present while it is cooled, the input 
signal thus recorded may be readily detected by analy- 
sis of the Faraday or Kerr effect produced by that area 
on a polarized beam of light. 

A laser beam is directed through a polarizer, for play- 40 
back, toward the recorded area on the film in the same 
direction as the recording magnetic field, i.e., in a di- 
rection perpendicular to the surface of the film, but the 
intensity of the laser beam is reduced sufficiently to 
avoid heating the isotropic film to the vicinity of its 45 
Curie point. Using the same laser and optical arrange- 
ment employed for recording makes it possible to ex- 
amine discrete magnetic domains using the Faraday or 
Kerr effect on polarized light. 

The Faraday and Kerr effects may both be referred 5 
to generically as a magneto-optic effect, which is the 
rotation of the plane of polarization produced by dis- 
crete magnetic domains of the film on a beam of polar- 
ized light, with the direction and magnitude of the 
angle of rotation corresponding to the direction and 
magnitude of magnitization of the film. To detect the 
magneto-optic effect as a record path on a film is 
scanned with a beam of polarized light, an analyzer is 
employed comprising a resolver, such as a Gian- 
Thompson prism, which resolves the polarized light E 
that has been rotated through an angle 8 into two com- 
ponents, one with an amplitude E cos (45° + 8) and the 
other with an amplitude E (sin 45° — 8), where the axis 
of the polarizer is rotated 45° from the neutral (un- 
rotated ) plane of polarization of the beam impinging on 
the film. Two suitable photosensitive devices then pro- 
vide electrical signals proportional to the amplitudes of 
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the two components, and a differential amplifier pro- 
vides the difference as the desired output signal. While 
this technique of deriving the difference of the two 
components provides greater sensitivity in detecting 
the angle of rotation, it has been discovered that varia- 
tions in the intensity of the laser beam will, except for 
very small variations of less than 0.1 percent, signifi- 
cantly affect the amplitude of the output signal since a 
change of intensity cannot be distinguished from a 
change in angle of rotation. 

Experiments with a 60 milliwatt helium-neon gas 
laser have shown that the intensity of light fluctuates 
randomly from one to two percent, and it is believed 
that other gas lasers will fluctuate from one to two per- 
cent, or more. This is believed to be primarily due to 
the fact that the helium and neon atoms are in constant 
motion in the electrical discharge field, thereby causing 
fluctuations in the excitation of the helium atoms which 
must be in agitated motion in order for them to collide 
with neon atoms. In the collision, energy is transferred 
from the helium to the neon atoms. Once this occurs, 
emission of photons take place as excited neon atoms 
drop to a lower energy level. 

In injection lasers using, for example, a forward- 
biased galium arsenide diode, the atoms are not mobile, 
but it is believed that there will nevertheless be varia- 
tions in the intensity of light due to 1/F noise inherent 
in semiconductors. In addition, the operation of semi- 
conductors is known to fluctuate with temperature and 
to degrade over long periods of time for analog record- 
ing in the frequency range of from 10 Hz to 10,000 Hz. 
The noise level will increase as the frequency F de- 
creases so that at lower frequencies this noise may im- 
pair accuracy of rotation angle measurement and limits 
resolution. Accordingly, it would be desirable to con- 
trol the intensity of light from either a gas laser or an 
injection (diode) laser to less than 0.1 percent. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, the inten- 
sity of the laser beam is maintained substantially con- 
stant by sampling the laser beam as close to the system 
using the beam as conveniently possible and detecting 
the intensity of unresolved light to produce a feedback 
signal for comparison with a reference signal. The com- 
parison produces an error signal which is integrated 
over a period of about 1 millisecond to provide a con- 
trol signal. The control signal is then applied to an elec- 
tro-optic device, such as a Pockels cell or a Kerr cell, 
in the light path between the laser and the system using 
the beam. In the case of an injection laser, the control 
signal is employed to vary the forward bias voltage of 
the laser diode. 

The novel features that are considered characteristic 
of this invention are set forth with particularity in the 
appended claims. The invention will best be under- 
stood from the following description when read in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a schematic block diagram for a ther- 
momagnetic recording and magneto-optic playback 
system using the Faraday effect with intensity control 
of a laser beam according to the present invention. 

FIG. 2 shows a circuit diagram of a comparator and 
integrator for use in the system of FIG. 1. 
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FIG. 3 shows a schematic block diagram for a ther- 
momagnetic recording and magneto-optic playback 
system using the Kerr effect with intensity control of a 
laser beam according to the present invention. 

DESCRIPTION OF THE PREFERRED 5 

EMBODIMENTS 

In a preferred embodiment of the invention as shown 
in FIG. 1, a thin film 10 of suitable isotropic material, 
such as a thin film of manganese bismuthide (MnBi) is 10 
heated to its Curie point by a beam of light from a gas 
laser 11 transmitted through an energized electro- 
optical attenuator, such as a Pockels cell 12. A polar- 
izer 13 is provided to polarize the coherent monochro- 
matic light transmitted by the laser 11 through the 15 
Pockels cell 12. 

The laser beam is focused by a lens 14 to a beam de- 
flecting means, such as a mirror IS, to direct a vary nar- 
row beam of light onto the film 10 for the purpose of 
heating it to its Curie while recording. The mirror IS 20 
is vibrated by a solenoid 16 in response to a low fre- 
quency signal applied at a terminal 17. The arrange- 
ment of the mirror IS is for vibration about a longitudi- 
nal axis lying in the plane of the paper so that the beam 
is deflected back and forth across the width of the film 25 
10 while it is being moved along its length by a mecha- 
nism 18 driven by a synchronous motor 19 connected 
to the terminal 17. For applications requiring higher 
scanning rates, the scanning mechanism may consist of 
a quartz crystal for vibrating a reflecting surface. 30 

While recording, a Helmholtz coil 20, or its electro- 
magnetic equivalent, is energized by an input signal 
from a source 22, such as a source of video informa- 
tion. In that manner, a magnetic field perpendicular to 
the film 10 is varied in response to a signal from the 35 
source 22 so that, as discrete areas of the film area are 
heated by the laser beam, the magneto-optic density of 
successive areas will vary as a function of the input sig- 
nal due to the varying magnetic field applied while the 
successively heated areas of the continuous record path 40 
cool in the presence of the magnetic field. 

To play back (read out) a recorded signal, the Pock- 
els cell 12 is de-energized and the signal from the 
source 22 is cut off as will be described more fully here- 
inafter. De-energizing the Pockels cell 12 alters the re- 45 
fractive properties of a piezoelectric crystalline me- 
dium in the cell to cause less light to be transmitted 
through the polarizer 13. The beam of polarized mono- 
chromatic light from the gas laser 11 focused by the 
lens 14, and directed onto the film 10 by the mirror 15, 5 
is not of sufficient intensity to heat the film to its Curie 
point, but is of sufficient intensity for light transmitted 
through the film to be analyzed with respect to the Far- 
aday effect produced by the magneto-optic density re- $5 
cord on the film. 

An analyzer 27 responds to the average rotation of 
the light transmitted through the film 10 to produce at 
an output terminal 28 an analog signal directly propor- 
tional to the input signal recorded. This may be accom- 6Q 
plished by a resolver 29 comprising a Glan-Thompson 
prism which resolves the polarized light E rotated 
through an angle 9 into two components, one with an 
amplitude E cos (45° + 9) and the other an amplitude 
E sin (45° - 6 ). Detectors 30 and 31, comprising suit- 
able photosensitive devices, provide electrical signals 
proportional to the amplitudes of the two components, 
and a differential amplifier 32 provides the desired sig- 
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nal at the output terminal 28 as the difference between 
the two component signals. 

The thermo-magnetic recording and magneto-optic 
playback system thus far described is essentially as dis- 
closed in the aforesaid copending application. If the in- 
tensity E of the laser beam varies significantly, i.e., var- 
ies by more than 0.1 percent, the change of intensity E 
cannot be distinguished from a change in the angle of 
rotation because the output signal at terminal 28 is pro- 
portional to E*[cos (45° + 8 ) - sin (45° - 9)] so that 
any variation AE will produce a change in the output 
signal proportional to AE 1 . 

To control the intensity of the laser beam passing 
through the film 10 and into the resolver 28 substan- 
tially constant, a beam splitter 33, such as a half- 
silvered mirror, is placed in the path of that laser beam 
to reflect a portion of it into a photo-detector 34. The 
output of the photodetector, which varies as the inten- 
sity of the laser beam varies, is amplified by a control 
amplifier 35 and applied as a feedback signal to a chop- 
per 36, such as a Double Balanced Mixer, Model 
105 14 A, commercially available from Hewlett- 
Packard which is a versatile device of broadband (200 
KHZ to 500 MHZ) application that can serve as a mod- 
ulator. 

A 10 KHZ square wave generator 37 is applied to the 
chopper 36 to modulate the amplified signal from the 
photodetector 34. The result is a square wave of an am- 
plitude which varies as the intensity of the laser beam 
varies. That square wave is applied to a comparator 38 
through an amplifier 39 for comparison with the square 
wave from the generator 37. The square wave from the 
generator 37 thus serves as the reference signal for the 
comparator 38. To adjust the intensity of the laser 
beam, the amplitude of the square wave from the gen- 
erator 37 may be adjusted but it is preferred to simply 
adjust the gain of the amplifier 39. The output of the 
comparator 38 is then applied to an integrator 40 hav- 
ing a time constant for integration of 1 millisecond 
which is the period of 1 kc noise. 

The period of integration is selected to be the period 
of the low frequency noise from zero to 1 kc, the range 
of noise where intensity variations exceed more than 
about 1 percent. The frequency selected for the square 
wave generator 37 is then selected for a period of 
1 / 1 0th the integration period so that 10 samples of the 
signal from the photodetector 34 are taken for a given 
integration period. However, some other suitable num- 
ber of samples may be selected, such as from 5 to 10 
or from 10 to 20 or more. 

The output of the integrator 40 is applied as a control 
signal to the Pockels cell through an amplifier 41 to 
control the intensity of the laser beam transmitted 
through the polarizer 13. As the intensity of the light 
detected by the photodetector 34 decreases, the ampli- 
tude of the square wave feedback signal applied to the 
comparator 38 through the amplifier 39 decreases, 
thereby causing the amplitude of the control signal 
from the integrator 40 to increase to a higher positive 
voltage level. By increasing the energizing voltage to 
the Pockels cell, more light is transmitted through the 
polarizer 13. Conversely, as the intensity of the laser 
beam increases, the amplitude of the square wave 
transmitted through the amplifier 39 increases to de- 
crease the voltage applied to the Pockels cell through 
the amplifier 41. 
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It should be noted that the Pockels cell 12 and polar : 
izer 13 may. be arranged to transmit less light for a 
■ greater voltage applied to the Pockels cell, in which 
case the amplifier 41 should be provided as an inverting 
amplifier. This isr-because the Pockels cell received 
plane polarized light from the gas laser 11 and trans- 
mits eliptically polarized light with the major axis ro- 
tated clockwise or counterclockwise depending upon 
- .. the polarity of the voltage applied to it. 

If the arrangement is for rotating the axis of the elipti- 
. cally polarized.light clockwise, for a given bias voltage 

- provided by the~amplifier 41 with a zero error signal 
from the comparatoTK58, the polarizer 13 may then be 

- rotated from an initial portion with its axis of polariza- 
tion parallel to the major axis of the eliptically polar- 
ized light from the Pockels. cell and then further rotated 
clockwise to decrease the intensity of the light trans- 
mitted through it for the given bias voltage. If that volt- 
age is positive, a decrease in light intensity detected by 
the photodetector-34 will then.cause an increase in pos- 
itive voltage from the integrator 40. If that error signal 
is then integrated and amplified without inversion, the 
major axis of the eliptically polarized light transmitted 
through the Pockels cell will rotate further clockwise to 
increase the intensity of the light transmitted through 
the polarizer. If, on the other hand, the polarizer is ini- 
tially rotated counterclockwise, to increase the inten- 
sity of the light, it then becomes necessary to apply a 
less positive voltage to the Pockels cell. To accomplish 
that, the amplifier 41 is provided as an inverting ampli- 
fier. Thus, without prior knowledge of how the Pockels 
cell will respond to a change in bias voltage, if the po- 
larizer 13 is initially rotated in the wrong direction, 
proper phase of the feedback control can be achieved 
by simply rotating the polarizer in the opposite direc- 
tion. Once the initial position of the polarizer is estab- 
lished, the desired level of beam intensity can be read- 
ily established by adjusting the gain of the amplifier 39, 
such as through a potentiometer at the input thereof. 

Although intensity control of the laser beam to less 
than 0.1 percent is not necessary for thermomagnetic 
recording on the isotropic film, the feedback control 
system employed during playback may be used while 
recording. Since a higher intensity is required for re- 
cording, the signal from the photodetector 34 may be 
decreased during playback through a variable gain con- 
trol element while recording, thereby causing the com- 
parator 38 to produce a large error signal to signifi- 
cantly increase the intensity of the laser beam being di- 
rected onto the isotropic film. 

A record and playback control unit 42 will, during 
playback operation, bias an amplifier 43 to cut-off and 
■■bias the amplifier 35 for operation at a predetermined 
gain level. For recording, the amplifier 35 is simply bi- 
ased by the unit 42 for operation at a lower gain level, 
thereby causing the feedback control to increase the 
intensity of the laser beam while the amplifier 43 is bi- 
ased at a predetermined gain level for recording. Thus 
the amplifier 35 in the feedback control circuit is em- 
• ployed as a variable gain control element to switch the 
intensity of the laser beam from a low level to a high 
level for recording. 

To conserve power while not recording, the power 
supply to the amplifier 43 and the signal source 22 may 
be turned off through a manually controlled switch, but 
in applications where the system is being periodically 
switched back and forth between record and playback 
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modes, the control unit 42 is preferably employed to 
control the gain of the amplifier 43 as shown. 

The record and playback control unit may, in its sim- 
plest form, be a flip-flop which is set to record, thereby 
5 increasing the gain of the amplifier 43 and decreasing 
the gain of the amplifier 35. When it is reset, the gain 
of the amplifier 35 is then increased while the gain of 
the amplifier 43 is decreased to zero. The true and false 
output terminals of the flip-flop may be coupled to the 
10 gain control terminals of the amplifiers 35 and 43 
through suitable voltage level shifting circuits, such as 
suitably biased amplifiers. 

The comparator 38 and the integrator 40 will now be 
described with reference to FIG. 2 wherein junction 
15 transistor Q, and Q, of the PNP and NPN type, respec- 
tively, comprise the comparator 38. A capacitor 42 and 
a field-effect transistor Q s then comprise the integrator 
40. The base of the transistor Q, is RC coupled to an 
input terminal 43 connected to the square wave gener- 
20 ator 37, while the base of the transistor Q t is RC cou- 
pled to an input terminal 44 connected to the amplifier 
39. The gate of the transistor Q s is connected to a junc- 
tion 45 between the transistors Q, and Q,, and the 
source of the transistor Q, is connected to an output 
25 terminal 46. Voltage dividing resistors 47 and 48 are 
selected to provide the desired bias voltage through the 
amplifier 41 (FIG. 1) when the input square wave am- 
plitude is equal to the reference square wave ampli- 
tude. 

30 The transistors Qi and Q, are chosen to have identi- 
cal and complementary PNP and NPN characteristics, 
with a maximum leakage current not exceeding 1 na, 
with a )3 of 200. The transistor 0 3 is chosen to be an N- 
channel, depletion-mode field-effect transistor of the 
35 insulated-gate type. Suitable transistors commercially 
available for the transistors Q,, Q, and Q 3 are of the 
type 2N3906, 2N3904 and 2N3631, respectively. Hav- 
ing chosen identical and complementary PNP and NPN 
transistors, the RC coupling and emitter bias resistors 
40 associated with the respective transistors Qi 0, are 
matched so that both transistors conduct equally in re- 
sponse to positive and negative half-cycles, respec- 
tively, of square wave input signals when they are of 
equal amplitude. The transistors thus form a comple- 
45 mentary pair in which each transistor and its associated 
emitter bias resistor constitutes the collector load for 
the other transistor. 

It should be noted that the negative going portion of 
the input signal to the transistor Q, is constant and se- 
50 lected to be sufficient to switch the transistor Qi from 
off to a predetermined conduction level. Thus the aver- 
age collector current of the transistor Q, will be held 
constant and the transistor Q, will operate as a constant 
current source. The positive going portion of the input 
3 signal to the transistor Q t is selected to be of sufficient 
level to switch the transistor Qj on, but only to a level 
proportional to the amplitude of the input signal. Ac- 
cordingly, the transistor Qt operates as a variable cur- 
rent generator. When both transistors Q, and Q t 
generate currents of equal amplitude, the capacitor 42 
neither charges nor discharges and the voltage at the 
point 45 is at a value between +V C and — V c such as to 
make the input signals equal, i.e., to place the intensity 
65 of the laser beam at the desired norm. If the input signal 
to the transistor Q t changes by a small amount, then the 
potential at the point 45 will change accordingly, to 
make that portion of each cycle of the signal applied to 
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the transistor Qj which turns the transistor Q t on equal 
to the area of each cycle of the reference square wave 
signal applied to the transistor which turns that tran- 
sistor on. 

In view of the foregoing, it may appreciated that the 
comparison is not strictly one of signal amplitude, but 
of area of the positive portion of the square wave signal 
applied to the transistor Qj with the negative portion of 
the reference square wave signal applied to the transis- 
tor Q,. However, since the area is most influenced by 
amplitude, in general terms it can be said that the com- 
parator is comparing signal amplitudes. This distinction 
is pointed out since those skilled in the art will recog- 
nize that the square wave signal from the chopper 36 
(FIG. 1) may not be of the precise square wave form 
produced by the square wave generator 37. This dis- 
tinction is also made for the more important reason 
that, since a relatively long term integrator is em- 
ployed, the square wave signal produced by the chop- 
per 36 and transmitted to the comparator 38 by the am- 
plifier 39 may be slightly delayed with respect to the 
reference square wave applied directly from the square 
wave generator 37 to the comparator 38 without signif- 
icantly affecting the desired output. This is for the rea- 
son that the transistors Q, and 0, connected to the 
junction 45 are effectively operating. as independent 
current generators and the integrator comprising the 
capacitor 42 will integrate the current produced by ei- 
ther transistor whenever it is turned on without regard 
to whether the other transistor is conducting. There- 
fore, it should be realized that synchronization need 
not be maintained between the effective portions of the 
square waves being compared. 

The selection of a field-effect transistor for the tran- 
sistor O3 is to provide an output amplifier from the inte- 
grator 40 having high input impedance in excess of 10” 
ohms. Therefore, there is substantially no loading ef- 
fect on the integrating capacitor 42. However, the out- 
put of the transistor Q 3 is on the order of 2 to 5k ohms 
to facilitate impedance matching, with the input of the 
amplifier 41 for a maximum power transfer. 

Referring now to FIG. 3, which shows a second em- 
bodiment of the invention with like components identi- 
fied by the same reference numerals, a laser diode 50 
is employed as the coherent light source. The most 
common semiconductor diode used as a diode laser, 
commonly referred to as an injection laser, is a Gallium 
Arsenide diode prepared by adding impurities in the 
form of tellurium and zinc to produce two kinds of con- 
ductivity. The tellurium, which replaces some of the ar- 
senic atoms, has more electrons than arsenic, making 
it an N-type material, i.e., a donner with an excess of 
electrons. When zinc is added to the Gallium Arsenide, 
it replaces some of the Gallium atoms and gives the ma- 
terial a deficiency of electrons making it a P-type mate- 
rial. The extra electrons in the N-type region are held 
in a bond called the conduction bond, while the defi- 
ciency of electrons on the P side of the junction occur 
in a region called the valence bond. Application of cur- 
rent causes electrons to move from the conduction 
bond into holes in the valence bond. This process is 
called recombination and results in the emission of 
photons. If the forward bias that is applied to the semi- 
conductor is great enough, a large number of electrons 
and holes will concentrate in a very narrow (1/10,000 
inch) region called the active region on the P side of 
the junction. The number of electrons and holes will 
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increase as the forward bias voltage is increased within 
reasonable limits. The electrons passing into the active 
region possess energy, some of which is given up as 
photons when they combine with holes. These photons 
5 in turn stimulate the emission of more photons by ac- 
celerating the recombination of injected electrons with 
holes. Each 'time a photon stimulates the emission of a 
second photon, the emission occurs in phase with the 
first, and in the same direction to produce coherent 
10 light. 

Recently developed and commercially available con- 
tinuous-wave injection lasers will provide more than 
one watt of coherent light for 5 watts of input power, 
making use of injection lasers feasible for use in ther- 
15 momagnetic recording and magneto-optic playback 
systems which require only about 60 millowatts of 
power for .recording and, of course, less for playback. 

While injection lasers have generally been operated 
at liquid helium, hydrogen and nitrogen temperatures, 
20 ranging from 270° to 190° below zero centigrade to 
prevent excessive heating while operating continu- 
ously, more recent developments make operating injec- 
tion diodes at normal ambient temperatures feasible, 
particularly, at the low levels of power required for sys- 
25 terns of the present invention. 

A laser bias and control unit 51 provides the neces- 
sary forward bias for the diode laser with provision for 
sufficient variation in the forward bias to achieve the 
desired control in response to the error signal from the 
30 amplifier 41. For good control, the laser bias source is 
preferably a well regulated DC voltage source, with a 
voltage variable attenuator in series, or a variable refer- 
ence voltage in the DC voltage regulator itself, such 
that the reference voltage may be increased or de- 
35 creased slightly in response to the output signal from 
the amplifier 41. 

Another important variation of the present invention 
illustrated in FIG. 4 is a playback system which em- 
ploys the Kerr effect. That is achieved by directing the 
40 laser beam onto the film 10 slightly off axis by about 1° 
in order to be able to place a mirror 52 in the path of 
reflected light from the film 10. That mirror serves only 
to direct reflected light to the beam splitter 33. That 
portion of reflected light not passed through the beam 
45 splitter is directed into the photodetector 34 for laser 
beam control as in the embodiment of FIG. 1. The light 
transmitted by the beam splitter 33 to the analyzer 27 
will produce a signal at the output terminal 28 in the 
same manner as described hereinbefore with reference 
u to FIG. 1 since the Kerr effect of a magnified area on 
the film 10 on reflected polarized light is rotation the 
same as is produced by the Faraday effect on light 
transmitted through the film. 

55 It should be noted that in both embodiments the 
beam splitter 33 has been placed as close to the analy- 
zer 27 as conveniently possible, in order that any varia- 
tion in the intensity of light received by the analyzer 27 
due to ambient conditions be substantially the same for 
60 light received by the photodetector 34. In other words, 
the physical conditions surrounding the analyzer 27 
and the photodetector should be as nearly the same as 
possible with the separate beam paths from the beam 
splitter 33 as short as possible. 

Although particular embodiments of the invention 
have been described and illustrated herein, it is recog- 
nized that modifications and variations may readily 
occur to those skilled in the art and, consequently, it is 



intended that the claims be interpreted to cover such 
modifications and equivalents. 

What is claimed is: 

1. In a magneto-optic playback system for producing 
an electrical signal proportional to the direction and 
amplitude of magnetization of discrete areas of a film, 
said system having means for directing a continuous 
laser beam through a polarizer to said film as said film 
is moved passed a playback station, whereby said dis- 
crete areas rotate said polarized light impinging 
thereon in proportion to the magnetic fields of said ar- 
eas, said system further having analyzing means dis- 
posed to receive said- laser beam after it has been ro- 
tated by said discrete:areas for producing said electrical 
signal, apparatus for maintaining the intensity of said 
laser beam substantially constant comprising: 

means for producing a continuous laser beam, said 
laser beam producing means including beam inten- 
sity control means responsive to a control signal; 

means for continuously sampling said laser beam at 
a point in the beam path close to said analyzing 
means and for producing in response thereto a 
feedback signal proportional to the intensity of the 
beam sample; 

a source of a substantially constant reference signal; 

means for comparing said reference signal with said 
feedback signal to produce an error signal propor- 
tional to the difference in amplitude between said 
feed-back signal and said reference signal; 

means for integrating said error signal to produce 
said control signal; and 

means for applying said control signal to said beam 
intensity control means, thereby maintaining the 
intensity of said laser beam substantially constant. 

2. Apparatus as defined in claim 1 wherein said 
means for producing a continuous laser beam com- 
prises a gas laser, and said beam intensity control 
means comprises a device which exhibits an electro- 
optic effect in response to said control voltage signal to 
vary the intensity of said laser beam to said utilization 
means. 

3. Apparatus as defined in claim 1 wherein said 
means for producing a continuous laser beam com- 
prises an injection laser having a suitably prepared and 
forward biased semiconductor diode, and said beam 
intensity control means comprises means for control- 
ling the level of forward bias of said diode. 

4. In a magneto-optic playback system for producing 
an electrical output signal proportional to the direction 
and amplitude at all levels between two extremes of 
magnetization of discrete areas of a film as successive 
areas of said film are moved through a playback sta- 
tion, the combination comprising: 

a gas laser for producing a beam of light; 

an electro-optic device for controlling the intensity of 
light transmitted therethrough in response to a con- 
trol signal; 

a light polarizer; 

means for directing said light beam through said elec- 
tro-optic device and said light polarizer to said film 
at said playback station; 

analyzing means including a resolver for receiving 
said beam of light, after it has impinged upon said 
film and has been rotated by the magnetic fields of 
successive areas, and producing said output signal; 

means responsive to the intensity of unresolved light 
for producing a feedback signal; 


means interposed in the light path between said film 
and said analyzing means for directing part of said 
light beam toward said analyzing means and direct- 
ing the balance of said light beam toward said feed- 
back signal means; 

a source of a substantially constant reference signal; 
means for comparing said reference signal with said 
feedback signal to produce an error signal propor- 
tional to the difference in amplitude between said 
feedback signal and said reference signal; 
means for integrating said error signal to produce a 
control signal; and 

means for applying said control signal to said electro- 
optic device to maintain the intensity of light trans- 
mitted therethrough substantially constant. 

5. Apparatus as defined in claim 4 including appara- 
tus for employing said magneto-optic playback system 
for thermomagnetic recording of an input signal in re- 
sponse to a record mode select signal comprising: 

means at said playback station responsive to said re- 
cord mode select signal for producing a magnetic 
field proportional to said input signal to be re- 
corded; and 

variable gain control means responsive to said record 
mode select signal to decrease said feedback signal, 
thereby increasing the intensity of said beam of 
light for thermomagnetic recording. 

6. Apparatus as defined in claim 4 wherein said refer- 
ence signal is a square wave and said comparing means 
comprises: 

means responsive to said reference signal for modu- 
lating said feedback signal to produce a modulated 
feedback signal; 

a first amplifying means coupling half cycles of said 
reference signal of a given polarity to said integrat- 
ing means; and 

a second amplifying means coupling half cycles of 
said modulated feedback signal of a polarity oppo- 
site said given polarity to said integrating means, 
whereby said modulated feedback signal applied to 
said second amplifying means need not by synchro- 
nized with said reference signal applied to said first 
amplifying means. 

7. In a magneto-optic system for producing an elec- 
trical output signal proportional to the direction and 
amplitude at all levels between two extremes of magne- 
tization of discrete areas of a film as successive areas 
of said film are moved through a playback station, the 
combination comprising: 

an injection laser for producing a beam of light, said 
injection laser having a suitably prepared semicon- 
ductor diode forward biased by a signal controlled 
bias means; 
a light polarizer; 

means for directing said light beam through said po- 
larizer to said film at said playback station; 
analyzing means including a resolver for receiving 
said beam of light, after it has impinged said film 
and has been rotated by the magnetic fields of suc- 
cessive areas, and producing said output signal; 
means responsive to the intensity of unresolved light 
for producing a feedback signal; 
means interposed in the light path between said film 
and said analyzing means for directing part of said 
light beam toward said analyzing means and direct- 
ing the balance of said light beam toward said feed- 
back signal means; 
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a source of a substantially constant reference signal; 
means for comparing- said reference signal with said 
feedback signal to produce an error signal propor- 
tional to the difference in amplitude between said 
feedback signal and said reference signal; 
means for integrating said error signal to produce a 
control signal; and 

means for applying said control signal to said signal 
controlled bias means to maintain the intensity of 
said light beam substantially constant. 

8 . Apparatus as defined in claim 7 including appara- 
tus for employing said magneto-optic playback system 
for thermomagnetic recording of an input signal in re- 
sponse to a record mode select signal comprising: 
means at said playback station responsive to said re- 15 
cord mode select signal for producing a magnetic 
field proportional to said input signal to be re- 
corded; and 

variable gain control means responsive to said record 
mode select signal to decrease said feedback signal, 20 


12 

thereby increasing the intensity of said beam of 
light for thermomagnetic recording. 

9. Apparatus as defined in claim 7 wherein said refer- 
ence signal is a square wave and said comparing means 
5 comprises: 

means responsive to said reference signal for modu- 
lating said feedback signal to produce a modulated 
feedback signal; ' 

a first amplifying means coupling half cycles of said 
10 reference signal of a given polarity to said integrat- 
ing means; and 

a second amplifying means coupling half cycles of 
said modulated feedback signal of a polarity oppo- 
site said given polarity to said integrating means, 
whereby said modulated feedback signal applied to 
said second amplifying means need not be synchro- 
nized with said reference signal applied to said first 
amplifying means. 
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